Initial Value Problem Formulation TDBEM with 4-D Domain Decomposition Method and Application to Wake Fields Analysis by 川口  秀樹 & WEILAND  Thomas
初期値問題定式化での時間領域境界要素法と4次元
時空領域分割法を用いた航跡場解析
その他（別言語等）
のタイトル
Initial Value Problem Formulation TDBEM with
4-D Domain Decomposition Method and
Application to Wake Fields Analysis
著者 川口  秀樹, WEILAND  Thomas
雑誌名 電子情報通信学会技術研究報告. EMT, 電磁界理論
巻 115
号 279(EMT2015 49-84)
ページ 191-196
発行年 2015-10
URL http://hdl.handle.net/10258/3838
初期値問題定式化での時間領域境界要素法と4次元
時空領域分割法を用いた航跡場解析
その他（別言語等）
のタイトル
Initial Value Problem Formulation TDBEM with
4-D Domain Decomposition Method and
Application to Wake Fields Analysis
著者 川口  秀樹, WEILAND  Thomas
雑誌名 電子情報通信学会技術研究報告. EMT, 電磁界理論
巻 115
号 279(EMT2015 49-84)
ページ 191-196
発行年 2015-10
URL http://hdl.handle.net/10258/3838
-AA:f±§l $A ~ -=fi1f~IEm1a-¥~ 
THE INSTITUTE OF ELECTRONICS, 
INFORMATION AND COMMUNICATION ENGINEERS 
1a-¥tt¥a 
IEICE Technical Report 
EMT2015-77(2015-10) 
f)JWj fit Fp~ J] JE:ct1~ -C (J) a~ FI=l' ~~ :rWZm Jf.~ * rt ~ 
4 tX7Ca~~~~:rWZ~~IJrt {r ffl V \ t;:*1Ll&))\~fij~fJT 
Thomas Weiland ~ 
t 3'[II'I~t:k'¥: L < l:f.fA'~IE*M~ 1"050-8585 ~lIfffi*jClIIT 27-1 
t Technishe Universitaet Dannstad, Institut flir Theorie Elektromagnetischer Felder SchloBgartenstr.8, 64289 Dannstadt 
E-mail: tkawa@mmm.muroran-it.ac.jp 
ib G * L 8E~M*o)'~-T t:"- A7J'1:: c 0*,.:'I-=fJJoJm~r:kJ0)j@Jillm~~ (jit1LlitJl;~) O)lWffj-:7JrtU:: L -C :':h'i-C, 
a~rdj~~~.w~~Mfto) rm~ :a:-1T0 -C ~ t~. a~r~'~~~.w~~rftl~ Vi, vt:*7J> G"7 -1 ~ p ~ O)j@JilllWffj--cr.t. < *UJfJ 
~ :h -C v \ 0 FDTD rft~ FIT I~ !:l:A:. -C , ~* tt ~ .:c !J (: ~tJ:aifrfl' :a:-~T 0 (: v \ '5 r,,'~7J' ib ,:::>t~. :.:h :a:-lW~T A:. < , 
fJJWl1i[7J'~ p -ctt l'i v \~-€JI~~r~'~Ji~~.w~~rftO)JE~1t;:a:-ifL;~ L, :.:h:a:- 4 ?Xn;a~~-cO)~~5iWIHft (: *'Ii-€Jit, 
*~ijVt ~ .:c !J O)~IJ~:a:-~ .. :::>t~. 'i t~, :.:h:a:- A~i¥JttJ;tJfJ{~J -C;b 0*,.:'I-=fJJDJ!~0)/~ /7-::I /7" v :;; -tj--t ~ "/3 
/-CO)NclitJ'F~lWffj-l~iiJfJ L, vt:*0)7- :f--A~ FDTD rti. (: 0)!:l:~:a:-1T0 t~o)-C¥IHs-T 0. 
:f--?-):' "7-1 ~ P~, a~r~'~~, m.w~~rft, *,.:'I-=fJJDJ!~, NclitJl;~, ~~5iWIJ¥ft, FDTD rti. 
Initial Value Problem Formulation TDBEM with 4-D Domain Decomposition 
Method and Application to Wake Fields Analysis 
Hideki KAWAGUCHl t Thomas WEILAND ~ 
t Muroran Institute of Technology 27-1 Mizumoto-cho, Muroran, 050-8585 Japan 
t Technishe Universitaet Dannstad, Institut flir Theorie Elektromagnetischer Felder SchloBgartenstr.8, 64289 Dannstadt 
E-mail: tkawa@mmm.muroran-it.ac.jp 
Abstract The Time Domain Boundary Element Method (TDBEM) has its advantages in the analysis of transient 
electromagnetic fields (wake fields) induced by a charged particle beam with curved trajectory in a particle accelerator. On 
the other hand, the TDBEM has disadvantages of huge required memory and computation time compared with those of the 
Finite Difference Time Domain (FDTD) method or the Finite Integration Technique (FIT). This paper presents 4-D domain 
decomposition method for the TDBEM based on an initial value problem formulation and application to a full model 
simulation of the bunch compressor section of the high-energy particle accelerators, in which the charged particle beam takes 
curved trajectory and the trajectory is sensitively affected by the wake fields. 
Keywords Microwave, Time Domain, Boundary Element Method, Particle Accelerator, Wake Fields, Domain 
Decomposition Method, Finite Difference Time Domain (FDTD) Method 
1. I~ l: N:> f::: 
aH",H~:l!i1G:!:I't3')lj~::'jf(n:ti (TDBEM) l'i, "7~ -7 t::l~, ~ 
S~o)~.It\~aH",'Wl::l!i1G-Z:'~~ =:t. V-~3 /,T0]]r:ti 
[ll-(410)---::JC'~ VJ. aH",'Wl::l!i1G~~(FDTD)7~c: li~'U,t VJ 
m 3')l 0) .lj. ~ ~ ~ ~ il 1:- T' IHl: T 0 c: l" \ ? ~ ~ 0) t~ <Y:J , 
00:Jjj( Wl::l!i1G F.HI!, *,1-1- 1::" - A C: 0) ifS -g.. fW fJT t,t c', FDTD 
r:ti l" l'i J& fbH \ tJ> m ~ltt,t -7 - A (;: ~ ffll" ~ 0 C: It \ '5 flj ,~ 
tJ> ~ 0 - ]], -Jt:k t,tBT~;( 1:- !J C: lltjfa~H",' ~~T 0 C: 
l" \ ? F,,~ Ji!l! ,~ tJ> ~ VJ. m 1£ , £, -r L.. t, J1;, < "7 ~ -7 t::l i& 
~ ~ =:t. V - ~ 3 /' f;: ffl v \ G n -C l'i v \ t,t V \ • L.. 1J> L.. t,t 
tJi G, :joj: -1- 1m ~ ~ ~](;: :to v \ -C (f§ %t ~m; I¥J ~ It l" iI' li:J T 
o f,1f~*,1-=f 0) 1J>t~ * VJ l" ~ 0) ~-1-/-\ /' T 1J> 1=. c:.';) itm 
i!t ~ litt ~ Um llt)); ~ C: It \ ?) 0) M~ fJT (;: ~ L.. -C fi, tt * tJ> 
G J1;, < ffl It\ G n -C ~ t~ FDTD $ f'i, :J't O)~It l"jj[~iI 
li:J ~ T 0 -7 - A, C: VJ ;b ~t, 1JQ ~.g tJ> 2 tX 7G iMI %t ff); t,t 
m~O)~-g.. f;: ~JUE ~ n, IIll ~im:li:J C: t,t 0 J:: ? t,t -7 - A 
(;:f'i~ffltJ>rn~l"~ VJ, ~fflWl::l!i1GO)J1;,v\AAm~fWtJTA 
:!f- - A C: L.. -C f'i , ~ 0) a~H",H~ :l!i1G :!:I't 3')l ~ * r:ti tJ> Ill- 0) ]] 
r:ti C: t,t -'? -C v \ 0 . 
~ 0) J:: '5 t,t l!l.,~ tJ> G, tJt -':( 0) !f Iv - 7" l" f'i , ~ n * 
l". AA: lltjj; ~ fW fJT ~ 1:t,t ?' -1/:/ " C: L.. -C. aH"" Wl::l!i1G:!:I't 
3')l ~ * r:ti ~ ~ ffl flj ffl T" <, m ~ I¥J tJ:: llt. -tr ~ A' , tJ > 
--::J. + ~ tJ:: fi: aH"" H jf tJi l" ~ 0 J:: ? i"J A :!f- - A 0) ~ ~ 
- 191 -
This article is a technical report without peer review, and its polished and/or extended version may be published elsewhere. 
Copyright ©2015 by IEICE 
::2 V-'/3 /:::1- FO)OO~:a-1T'0-C~t::.[s].[6], t: fJ 
b~, .~~$Lk~OO •• *~ •• ~O)WM.~~ 
:.lE A 11:: (-: J:: fJ, ~ Jtl i¥J ft. 3 tX:7G '/ ~ ::2 V - '/ 3 / 0) r:;y 
ml ,tt 7.1; Jt:. 7.1; '0 t::. [7].[8], ;<$: 'fi1lj l' l;t, ::. 0) J:: ? ft. ~ FI'l'. 
.*~ •• rtio).:*. 0) 7 F /-:( /7 -:?l' <b ~ fill ~ttLiJ! 
1-: )(t T ~ Ail: /liJ'F ~ ~~ tff :a- tX tit {-\; *,.:1: r 110 JJfl ~ 0) /~ / T :::1 / 
7" v '/ -1j- - t ~ '/ 3 / 1-: ~ Jtl L, FDTD rti t: O):fi!f it !t 
~ :a-1T ? t: t: t 1-:, /~ / T :::1 / 7" V '/ ~ - 0) 7 JV.::c:eT' 
~0)Ail:.~'/~::2V-'/3/:a-ft'0ko)l'.*T~, 
2.~M.~~~ •• ~c~~~~~~m 
-~ 1-:, "7 -1 ~ p liJt (-:)(tT ~ ~FI'l' .lJJJG*~ •• ~ l;t, 
J!JliJt~ •• ~~tfflPJt)'{, EFIE ~ t: MFIE ~O)fjtijjjl':.IEA 
11::r:;yml-C'<b~7.I;[1]-[4], *d;i¥!II)(t1*tt:a-~L, 7.I''''J, * 
~ 7.1; jC-'E:~{*O) J-;. 7.1' G ft. ~~,g-, *~:l:Ii* [lijmlm 0) 
i¥!II jj [i'1] jft )j- 0) J-;. t: ft. fJ, AA ¥ 11:: ~ tL t::. (1) 0) li*1 ~ 
B(t,x) 1-: ~ T ~ MFIE ~ 0) ~)j- jj f¥. A:a- Jtl 1;) -C ~~ tff T 
~ ::. t: 7.1' l' ~ ~ [4], 
B(t,x) = BeT' (t,X) 
+"'!"f {[ (X- X') + (. - ') ~Jx(n'XB(t"X'»)}dS' 
4Jl' S I -, f IX - X,," cat 
(1) 
::. ::. 1-:, Bext (t,x) li * [lij ~ lm :a-~ ~ T ~ fj.. tfflli*1 ~, n 
li * ~ * [lij 0) rti ~ .r-Z ~ 1- Jv , ~ t::., ~ ill * ~ ~ )j- 9'l 0) 
n X B = K li * [lij ~ lm ~ it .r-Z ~ r Jv l' <b ~ , ~ G 1-: , 
*~~)j-re%TO)-'E:-cO).~:I:~, c:a-~O)JJfl!tt:L 
-C, t' = t - I x - x' I / c 1-: J:: fJ :.lE ~ ~ tL ~ iI! JJ]; ~ FI'l' 1-: * 
ffT ~ . sHI'l' •• *J'll •• rti l' l;t, ::. 0) (1):a-*~* 
[lij ..l. -C'?2: FI'l' i¥J, ~ FI'l' i¥J 1-: Aft Wc 11:: * ~ L -C 1~ G tL ~ 1T:71J 
jj f¥. A :a- -7 -1 A A 7 '/ 7" ::::" t: 1-: m < ::. t: 1-: J:: fJ, ~ FI'l' 
t: t: t 1:= ~ lJJ T ~ * [lij m lm ~ it (<b ~ 1;) l;t li*1 ~ 0) ~ ~ 
jft)j-) :Si/ffi":a-*~~[4]. ::'O)t:~, (1) 0)*J'll~:Si 
1-: :t3 It ~ • ~ :I: 7.1; 1: ~ 0) J:: ? (-: MmlJ ,#: t: * J'll..l. 0) ~ pJT 
t: 0) lEE ~ l' ~ ~ ~ iI! JJ]; ~ FI'l' t ' 1-: J:: '0 -C ~f frffi ~ tL ~ t: 
1;) ? ,tt W 1:= ~ ~ L -C, (1) :a- Aft Wc L t::'1T :71J jj m A l' li , 
i&J :t. 0) * [lij ~ lm 0) f[l! :a- Jtl 1;) -C ~ 1:E 0) {[l! 7.1; llt,. ~ tL ~ t::. 
~, -{- 0) 11' ;71J :a-~ ~ T ~ t::. ~ 1-: ~ :*. ft. } .::c !J 7.1; £:'. t: 
ft. ~ . t::. t: ;U'f, ~ {[l! .::c T' Jv 0) 1 tX:7G jj [i'1] 0) :Si ~IJ ~ 
0) ;t - ?t' -:a- n ( T ft. b t:" * ~ * [lij 1: O)} '/ '/ ::2 ~ 
(a) 001i5l •• .::cT'JV (b) I*Jtffl •• .::cT'JV 
~ 1 ~r110JJfl~0) TDBEM ~{[l!.::cT'JV 
N li n2 ) t: T ~ t:, (1) :a- ~ Wc 11:: L t::. ~,g- 0) 11' :71J ~ 
~ 1:= £:' • ft. } .::c !J li, ¥ Mi 1:= ft ? t: nS x 8 /~ -1 r 0) ;t 
-7' -, ft:71J 0) J±m~~~:a- ft '0 t::. ~,g-l' t n4 x Mx 8 
/~ -1 r O);t - 7' - (fft L, M li iT :7IJ 0) 1 11' ~ fJ 0) #' 
i! p •• ~ l' jlU:l ~ 10 f¥. it 0) f[l!) t: ft. ~ , 
3. fJJ mI fll rJJ 11 lE it -11:: 
1: re (1) :a-.r-Z - A t: Lt::. Vt * 0) s~ FI'l' •• * J'll •• 
~ 1:= l;t, t: fJ bIt, *,.:1:r 110 JJfl~Ail:/liJ'F~:a-mtff -7 - If '/ 
1- t: L t::. ~,g-, tX 0) ;<$: W i¥J ft. F,,~ ~ 7.1' <b --::> t::. . 
· sHI'l,.lJJJG 0) EFIE, MFIE l' li, * J'll {[l! 0) W:AA {[l! 7.1; i! 
p t: 1;) ? AA m: 7.1; <b ~ t::. ~, ~ r \::" - A li t = 0 l' li 
110 JJfl >g fj.. fffi 1-: {j'[ if[ T ~ £:' • 7.1' <b fJ , 110 JJfl >g:a- r - '7 
A~1-~P:?-0)~.2 •• ~0)~~~.::c~~l' 
*~ L, tJ'-'J, 001i5l •• F,,~~ t: L -C :.lE A 11:: Lt::. 1: l', 
~ r \::" - A 0) W :AA {j'[ if[ :a- * [lij ~ lm tJ; 1: [, ft. 1;) m it 
1-: + :Si AA jj 1:= ~ :.lE L -C ~t ,. T ~ £:' • 7.1; <b '0 t::., ( ~ 
1 (a» 
· ..l. ~c lq~ 1-: ~ il L, I*J tffl # ~ ~ ~ (:= ~ ~ T ~ t: J-;. 
G tL ~ ~ f[l! /F 'tC :.lE , ~t ,. :fi!f it 0) ~ 11:: 7.1; 1: [, -C 1;) t::. . 
• ~ G 1-:, ~ 1 (a) O)~f[l!.::cT'JvO).~I-:{*I;), ~r 
\::" - A 7.1; 110 JJfl >g 1-: ii T ~ ~ l' 0) -7 -1 A A 7 '/ 7":Si , 
:t3J::O,~JJfl>g~ • .::c~~0)2 •• ~0)fj..WO)}'/ 
'/ ::2 )j- 0) ~t • ~ FI'l9 t: } .::c !J tJ; (1!Ut 1-:) #<)j- 1-: £:' • 
t: ft. --::> -C 1;) t::. , 
::. tL G 0) r,,~ ~ ,#: :a- m ~ T ~ t::. ~, ~ 1 (b) 0) J:: ? ft./m 
JJfl >g 0) I*J tffl •• -7 -1 7" 0) ~ {[l! .::c T' JV 1-: -C m tff T.r-Z < , 
(1) :a- tit * L, MFIE ~ 0) J-;. ft. G i" EFIE ~ fjtij jj tJ, G ft. 
~ (2), (3) O)fJJM{[l!r,,~~:.IEA11:::a-1T'0 t::.. 
1 {E(lI, X') x n'} , B(t,x) = Bez,(t,x)+-f I. I dS 4Jl' S • - -x' 
+"'!"f {[L.1+ (x -x'~ ~Jx(n'XB(t"X'»)}dS' 
4Jl' S lx- x Ix- 'I cat 
(2) 
+_1 f {_[ ( - x') + (x - X'! ~J(n"B(t"X'»)}dS' 
4Jl' S I - xii' I - '1- cat 
+...!.. r (' ("8(t" x') + aB(I': xl»)lx-x'l +B(t',X')]dV" 
4Jl' Jv, 8,. c 
1 {O'XBU' ,X')} , E(t,x) = Eex,(t,x)+-f I 'I dS 4Jl' S x - x 
+"'!"f {_[ (x- _') + (x - 'l ~J(E(t',x').n')}ds' 
4Jl' S Ix - xf lx-x'!" cat 
(3) 
+"'!"f {-[( -x') + ( -x'~ ~JX(E(t"X')Xn')}dS' 
4Jl' S I - xf I - x'!" cat 
+ ...!.. r ((E(t" x') + aE(I ', x' ) Ix - xl + E(t', X')]dV', 
4Jl' Jvo Br' c 
- 192 -
v 
s 
IZI 2 4 ~5Gaif?2:~l!i1G 
T tot b tj, t = 0 (J) aif,~ --c' T -(' rz:. '$( 00 ~ me (J) 1)) WJ 100: 75> fr-
1£T 6 ~ftl (IZI 2 (J)}1£ Vo J:.(J)fl51) a-~cl!tT 6 (2), (3) 
(J)~illm5~, ~~.J:.mE.~TmE.(J) (~~*~~ 
~~~m~h6) .?2:~00--c'(J).W(J) •• d51~mW 
(J)ri.d51(J)*4:a:~cl!tT6(2) (J)~ill2, 3 JJi:, (3) 
(J) ~ ill m 3 JJi;»> ~ ~ h t:. :<E :rt:{t ~ tot -? -C 1,' 6 ' =- (J) 
~~, ~ IJbft, 1ZI1 ~f:t~V,tIJ!MIXi"ff);'~a-:ffL-ttl,' 
3 ~:7G * rz:. ~ Jtl T 6 Wit r:t, * ~ it l:t, * -W-* 00 J:. (J) 
'$( 00 • mE"'"':7 r Iv (J) 2 "0 (J) JJt 51 (<b 6 1,' l:t , m W (J) 2 
"0 (J) •• JJt51 Bs , B,) ~ '$(iii.w-WJ.t (<b 61,'1:t, • 
~tE~1tIJ,,(/) 
*~. 
(b) 1)) ~~JHOO: r,,~ M :<E :rt: {t 
GBB: GBB :! 
I I~ GRB~' 
GE8: GC8: 
1Z13 TDBEM (J)1T~IJjJm:rt:(J)mii1i: 
1- M 
,--
0 8 ,·-1 
-
0 B,J.. -I 
-
G ' [B,It. £:-1 
I-
iM:1<(/) ~ . 
~~fal;;;:Ji -------=:;:-- 1l9f..t 0),*~.. __ 
~- :...---- \ ---- ----Dr~-:D'~'~- ~D'~' ~ - - D'~' 
I I I - M I-/M I-LM 
\ I ( a ) Vi: * (J) :<E:rt: {t __ y 
.... ..--
D~ -'~'~d~ ~-'~ ~': m~g;:':;i~""" 
I I I-M 10 
(b) 1)) Wl100: r,,~ M :<E:rt: it 
@ 4 Vi: * (J) JJ: :rt: {t ~ 1)) WJ 100: r,,~ M JJ: :rt: {t (J) Xi" r.t 
w (J) r!.d51 Ell) (J) 3 "075> ;:!Ub 6"'"' ~ *~ iI; ~ tt 6, 
Vi: * (J) aHI'I~ ~ l!i1G * ~ ~ *?'~ (J) :<E:rt: it Cl) rut L- -C , 
WWl100:r,,~M:<E:rt:{t (2), (3) l:t , *~:l:t!i;t75>t,t IJ fl 
~ {t L- -C to IJ, ~ ~, 7' D If =.7 A ::I - I-t t # 'ffi' rz:. fl ~ 
7.1'"0 ~ fgo (J) * ~ fz:. tt 6 ' IZI 3 (a) rz:. r:t 3 ~:7G * (J) W 
,g. (J) Vi: * (J) :<E :rt: {t C' (J) 11' ~IJ jJ m :rt: (J) :mUI/. a-, IZI 3 (b) 
rz:. l:t 1)) Wl {oo: r,,~ M :<E:rt: {t (J) W it a- :if- T ' * ~ :I: 75> ±W ;t 
t:. 51, ;»'"0, 1)) Wl100: 1* fiH1t 51 ~ 75' ~;I]o ~ h t:. 51, ~ ~ , 
~ 1* (J) IT~IJ m ii1i: 75> fl* il'0:*: m-m rz:. tot -? -C 1,' 6 =- .!:: il; 
b il> 6 , L- il> L- l,t ;»> ~, .:c (J) - jJ C', IZI 1 (b) (J) ~ 
100: .:c- T' Iv (J) -1* m fz:. {'¥ I, " J:.l!t (J) P'l fffi :Jt: ~ m ~ 7J> !Ea IZSI ~ 
~ ;t ~ h 6 ~ 100: /f '* :<E ,~ , frf J.t 1J; {t (J) r,,~ M r:t @] j!J! --c' ~ 
6 =- .!:: ;»> b 75> ':) -C 1,' 6 [7).[81, 
4. 4 ~~~~~rc: (1,).iel~'J5! 
J:.l!t(J)~5~7~:7D.(J)~OO~R~.(J)~.,* 
:<E it rz:.;I]o ;t, W Wl1[U"U~ :<E:rt: it (J) t 5 -"0 (J) -m ~ l,t *IJ 
~~L--C,4~5G~?2:C'(J)~l!i1G5J'Mri~(J)~m~<b6, 
IZI 4 tz:., ~ p W Wl100: a- M m ~ L- t:. VE * (J) :<E:rt: {t Cl) ~, 
# ~ D 1)) Wl100: (J) w.g- (J) :<E:rt: it (2) ~ (J) AA !if {t L- t:. 00 
1* a-:if- T ' T tot b i?, (2) (J) ~ ill m 5 ~ l:t, .:c h 0-
M (J) * ~ fl51 a- ~ -C - "0 (J) 1* ffHJ! 51 rz:. JU~ L- t:. t (J) ~ 
lj. l,t T =- ~ 75> --c' ~ 6, L- t:. 7J> ':) -C, (2), (3) l:t, .:c (J) 
~illm 5 ~rz:. ~ IJ, <b 6 aif~IJC'(J)~l!i1Gcp(J).mw;»>~ 
~ C' <b h l"i, .:c h 0- M (J) * -W-100: a- Jtll,' l,t < -c t, 0-1& 
(J)7~:7p.(J)~.m~~~.C'~6=-~a-.~L--C 
to IJ, {9~;t l"i, IZI 5 (a) (J) ~ 5 tot 4 ~ 5G aif?2: (J) ~ rl'l'!MI 
jJ r"iiHz:. * I, , ~ l!i1G (J) 7 ~ :7 D • m ~ l:t , .:c (J) ~ l!i1G a- IZI 5 
(b) (J) ~ 5 rz:. Ij' ~ tot -lj- 7 ' ~JJ: l!i1G rz:. 51 ;!iIJ L- -c, M ~ (J) -lj- 7' 
~l!i1G(J).~.a-, ~~(J)-lj-7'~l!i1G(J)mWl.~lj.~L--C 
(2), (3) a-~ IJ il& L-Jtl It, 6 =- ~ Iz:. ~ IJ~. --c' ~ 6 =- ~ 
1z:.1,t6, ~ IJ bit, *,.:'l-=t-;I]o~~U1i:UiJ);W(J)m~C'fj:, 
'I: -=t- t:" - A (J) M jJ tz:. r:t W ;»' fr- 1£ L- tot 1,' t:. 11), ;$: *, • 
-=t-~-A~IJTmE(J)~l!i1G(J)~.;»'\~~--c'<b-?k=-~a­
~ Lt T 6 ~, 4 ~:7G ~ ?2: ~ l!i1G 51 ;!iIJr! rz:. to I, , -C, @ 6 ( a) 
-Ij-:1~. v <:O)~lUHil, -IV:J, 
-Ij-:1~. IV <:O)IUHl 
(a) ~~l!i1G;»'\ -{;js:{t (b) -lj- 7" ~JJ:l!i1G ~ (J) 51;!iIJ 
@ 5 ~ rfl' !MI jJ rPJ Iz:. *W * It, 4 ~ 5G aif ?2: ~JJ: l!i1G 
- 193 -
-!f:1~~ I -!f:1~~ III -!f:1tiJj~ v rr .. · .. · ......... ·T::::::r .. · ..·· .. ··T::::::l .. ···· .. r:;t~~4:::::::i ...... ·f'1 
~ ............ '/" ...... +::: ::::: .: .. h ............ ~,,:::::: ~ ~ .. . .. ... '::: : ::::: ::: .......... .. ~:.'. ~ ':::. -:- ....... . ... : 
f.JDii~ -!f:1~~ II -!f:1~~ IV 
(a) @:~ilLit! 'E T'/v 
-!f:1~~I 
!;T;L:j/~~!~:FtII ~~~:·~·J 
f.JDii~ '~:1~1\t IV 
(b) aB~ilLit!'ET'/v 
~ 6 *,.:1: T ;10 Ji $: (J) ~~ ~ 5i !IJ .::c =j" /v 
(J) J:: 5 I.: ~ T t: .. ~ A c c t I.: lb < -jT:i fiJi: ~ :a:- iD!: JE T Q 
=- c I.: J:: 1'), ~ -r (J) ~ r~~ A T '/ :/ C' ~ fiJi: J1iJG :a:- H 'if T Q 
j] tidUl: " , ~ ~ I.: llt ~ :I:;jO J:: lY ;I- .::c 1) :a:- ~IJ 7JiJX C' ~ Q 
=- c tJ~;b tJ> Q . =-.h c ~ ff), (J) ;iDtJbJF~ 0);1- .::c 1) & lYH 
_:11: ~IJ ~ j] it li, T C' I.:, FIT 1.:;jO It \ -r Moving window 
tHl'fc L--r9;i:J G.h-r;jO I') [9].[IOJ, :i t~, lIY:;!;i.~~~JErt: 
it: (J) a~ r~~ fiJi: ~ ~ Jff. ~ * it c:. ;jO It \ -r t 19 A ~ .h -t- (J):ff t:1J 
.~ tJ~ lit~, ~ .h -r It \ Q [11 J . L- I)' L- tt. tJ~ G, =-.h G li It \ 
-r.h t, m:]:tIJ, -t- (J) -!T 7' ~~ ~, Moving window li ~ T 
~~A:a:-~~C'~Ji~C'@:~.lbTQ~_~~Qk~, 
~ T t: .. ~ A 0) illb t @: ~ i1I! lb C' ~ Q c It \ 5 AA m: tJ> ~ -0 
t~tJ~, *fic'~1ljJ L-t~ 4 t?zJ1;a~~(J)fiJi:J1iJG5i~IJit[l2JC'fi, 
=- (J) J:: 5 tt. *IJ *~ li tt. <, J:: I') J1;; <, {ftl;t If ~ 6 (b) (J) 
J::5~aB~iIL~~~-0k-!T:/fiJi:~(J)iD!:JEt~.c~Q. 
5. tit_ it Cl) lItiil M~0JJ 
J: llc C' ~ IljJ L- t~ f}] Wl {ill r,,~ M JE :rt it: a~ r~9 fiJi: J1iJG ~ Jff. ~ 
.~0)4~J1;_~fiJi:J1iJG5iM~(J).~~~.ffl~cL--r, 
=- =- C' fi , 1).:::.. 7 ~ :::r 7 -1 ~ .. ~, X ~ FEL tt. c" (J) t?z t!t 
{-tt..:1:T1JOJi$: 0) - fro5i I.:{~ffl ~.h -r It\ Q ~T t: .. ~ A:a:-
i1Hfj] [i'l] f':8:~T Q ~m, /'."/ T:::r "/:/ v :;".lj-~ 1.:;jO 
It Q AA: JIitF ~ M¥ tFf :a:- ~ T . /" "/ T :::r "/:/ v '/ -!T ~ C' fi , 
-t- =- :a:- ii!i ~ T Q fit T /'. "/ T fI'll.:. ~ tt..:I. -* /v =¥ ~ 5i 1!i 
( AA j] fro 5i 0) .:I. -* /v =¥ ~ tJ~ ~ <, f& j] fro 5i (J) .:I. -* /v =¥ 
~ tJqg; It \ 5i 1!i) tJ, ~ QC, ~ T /'. "/ T :a:- 4 -J 0) fi [i'l] litt 
~ t .) '/ 3 "/ I.: J:: I') '/ I;r -1 "/ ilL it! ~ lb ~ it t~ ~ -g., litt 
~ er C' li ~ k 0) 'i; T fi -t- (J) .:I. -* /v =¥ ~ I.: ~ ff L- -r '" tt. 
Q *I~~ c tt. Q =- c tJ, G, ~T/'."/ T lii1!Hf jJ[i'l] I.: t:1J 
*~ 1.:8:*& ~.h Q. (~7 ~lm) =- (J)~T/'. "/T8:*& 
lb 1'F)Jj{ :@ c· ~, _ tt. ~ T /" "/ T fI'l c· (J) .:I. -* /v =¥ ~ 5i 1!i (J) 
~-g.It\li;b-rtJ'I': 1.0 %~~C'~ 1'), i2!1.:1t\ 5 C, f;i 
~ (J) ;b -r IJ' tt. 7}. fro ~ tt. tf 2iLf.: J:: I') .:I. -* /v =¥ ~ 5i 1!i 1.J' 2iL 
~ .h -r t, ~ 7 (J) J:: 5 tt.:ff t:1J tt. ~ T /" "/ T 8: *& 1.J'1f ;t 
tt. It \ =- c I.: t,t. Q . =- (J) t~ ~, /'."/ T :::r "/ 7' v '/ -!T ~ 
(J) rnHe f.: ~ L- -r li, -t- 0) ~ m iD!: H ~ Mlr IJ' G, ffitlbJF ~ (J) 
~ W tt. c" :a:-~ {ill '/ ':: ~ v ~ '/ 3 "/ ~ I.: J:: I') ~ Lt J:: < fE 
mt L- -r ;jO < ~,_ 1.J' ~ Q . 
ffig 8 I.: li , -t-.h 'C . .h , ffig 7 (J) /'. "/ T :::r "/7° v '/ -!T ~ 
(J).wO)litt~gOO(J)_OOfiJi:J1iJG~Jff._*$~M'E~N 
( 1:) c FDTD it .)" 1) :;/ F.::c T' /v (T) :a:-~ T . c 
I? ;b ft, FDTD it C' li, aB ~ f.: 1G -0 -r tt. ~ G 1.J' tt. .),. 1) 
'/ 1" c t,t. Q J:: 5 aB ~ g r~' fi fIJ tt ~ ~ * c L- -r It \ Q . 
:it~, ~9(a),(b) l':li, -t-.h-'f.h, mT/'."/T1.J'ii!i~ 
T Q ~ I.: no ~ '1H~ I.: ~ I8l ~ .h Q ~ 00 ~ mE (J) if!! if j] [i'l] pt 
£- c @] ~ j] [i'l] pt 5i ( ~ ~ I.: li , =-.h G f.: M r.t T Q ~ ~ 
O)@]~j][i'l]pt5i, if!!ffj][i'l]pt5i:a:-:/c:;/~) (J)~OO~ 
~:a:- w Wl{ill r,,~M JErt:{t: aH~'MJ1iJG~ Jff._ ~ rt C' '/ ':: ~ V 
~'/O3 "/L-t~llt~{?tl:a:-, :it~, ~ 1 o (a), (b) l':li, II'fJ 
t:: m ~ :a:-, ~ 8 (T) 0) .)" 1) :;/ F ~ r~~ :a:- ffl It \ -r FDTD 
itl.:J:: I') HJ: L-t~fftl:a:-~T. mT/'."/T(J)~{ill~gli 
I.Scm, no~tg,*oo~~li lcm, aB~iIL~(J)aB$-'¥-~li 
1.6m C L-t~. =- (J) c ~, ~ 9 (b), ~ 1 0 (b)li, -t-
.h 'C'.h, (a) I.: J:l: L- -r -t- (J) ~i¥IlI 1.J~ 111 00 (J) A I;r ~ /v (J) 
/c:;/ ~1.:tt.0-r1t\'5. Ttt.;b'l:?, ~T/'."/T1.J'G 
(J) m)l;\, 11 ~ :a:- ~!JI!ij T '5 * 00 m f;If c -t- .h I.: ~ ~ T Q * 00 
~mE(J)~~pt5iC'~Qif!!ffjJ[i'l]pt5i (~f':~",ilLit! 
iJ' aB 1.J' -0 -r It \ Q =- c f.: J:: I') 1: t:: Q @] ~ j] [i'l] pt 5i (b) 
fi:1F ';fIn.: 11\ ~ tt. {B' % c' ~ 1'), c I') ;b It, @:~~li:J fro C' 
li-t?c c tt.-0-rIt\'5. -jJC', (a) (J)*oommEpt5i 
li -t- (J) 5i;ffi (J) )(t fiJ; 11: tJ, G ~ T t: .. ~ A (J) ~ lb f.: Ij: l;i It ~ 
~ L- tt. It\ t (J) (J), (b) li{B' % li 11\ ~ It\ t (J) (J) fltT 0) lb 
fJ $: I.: li ~ ~ :a:- Ef ;t Q 1lJ.'~ tJ~ ~ 1'), ~ m iD!: llt I.: ~ L-
-r li ~ ~IH.: ~ Li!. :a:- ~ T Q pt 5i c tt. Q . ~ 9, 1 0 1.J' 
G ~ £ I.: ;b 1.J' Q J:: 5 (.:, if!! ff jJ [i'l] pt 5i (a) (J) llt ~ I.: li 
*- ~ tt. ~ '" li tt. It \ t (J) (J), lb fJ $: C' :m _ c tt. Q @] ~ j] 
[i'l] pt 5i (b) (J) llt ~ C' li , FDTD it li :1F 1in.: ~ ~ tJ~ ~ It \ 
::: c 1.J' ;b IJ' Q . =- (J) c ~, FDTD it I.:;jO It \ -r, .)" ~ 
:;/ F -!T -1 ;(:a:- -'¥- 5i I.: L- t~ ~ -g., ~ G f.:, .)" 1) '/ F ~tt lIY: 
/ -, / I 
_M_M_~_T_I_\~_=f_~ tI- - _.-.- ~*~ ..... __ 5:_~_-1l[_-_T/_\~_=f 
- 194-
D 
ilH·I\:"T ( I.~\!lIl) 
 ~- ~iBitmtf~~(1)JJ!il'17-{:" 
Itn' 
~ f ; 
'- x '~:IJ)"t-~fI~) 
_ rl' .o> 
X ~'Z 
(T:IJ)"t-~fI~) 
~8 /-{ /' T :::I /'7" v '/ -IT ~ m 1 lijH~' [Z: r~' 0) TDBEM :!JU'H\{ lID.:c 7" Iv 
itll' §l 'fLt::..ftv<J:. 5 ~lID~~~~jJ%ilI{f.t 1....-t::..~ifO) 
~UJ ~ 1T 0 t::.. to)O), V \ T;h, t, ~ 1 0 (b) 1::: It 1....- ""( , 
Il ~ Iv ~< i,ll[ ~ ll' J.;- G ;h, ft fJ> 0 t::.. . 1....- t::.. ll' 0 ""(, ::.;h, 
G 0) i~ % 0) fff it 0) ~ ~ 1:t, .If!J '/ 1< ~IU:f( it 0) m ~ 1::: J:: 
Q t 0) -C 1:t ft <, FDTD r;t -{- 0) t 0) 1::: ~ IZ9 1....- ""( V \ Q t 
O)~~;tG;h,Q. 
}~d& 1::: t 5 - ~, ;;$: ffi -c ID/. ~ 1....- t::.. 4 {jz:7G ~:Ig1G)j- t'J r;t 
~ , ~ 7 0) /-{ /' T :::I /'7' v '/ -IT ~ 7 Iv.:c 7" Iv 0) 4 -IT 7"" 
~:Ig1G )j- t'J 0) ~ {oo: .:c 7'" Iv (~1 1) 1::: ~ Jtl 1....- ""( 1T 0 tdltL 
]1,)); ~ fift. i1f iflJ ~ ~ 1 2 1::: ~ T . -IT -7' ~:Ig1G;t.!i if fffi 1::: ""( ~ 
T f* !L ll' 1:. t: ""( V \ Q to)O), ~ V) ;b It, 'I: T t"" ~ A 1::: 
~ W ~ .£j.. ;t Q ~:Ig1G -c 0) ~t _ 1:t * lE 1::: 1T ;b ;h, ""( V \ Q ::. ~ 
ll' ;b ll> Q . ~ {oo: .:c 7'" Iv ll' *- ~ T '(5", ll~:Ig1G)j- t'J r;t ~ Jtl 
v \ ft v \ ~ if ~ 0) It ~ f:t -c ~ ft v \ ll', .fo)j- O).:c 7'" Iv [12] 
-C iT --::> t::.. tl: ~ ll> G JUl Q ~, 1l~:Ig1G)j- t'Ji;t ~ Jtl v \ t::.. ~ 1 
2 0) Bt _I:t , .A ~ .I" ~ :::I /' to ~ ~ lJ 0) "/ /' :7"" Iv J ~ F 
-C, 70 GB :/- .:c !J, 3 7 aH~' 0) ~t _ mm -C <!0 0 t::.. 0) 1::: %t 
1....-, 1l~:Ig1G)j-tIJ ~ Jtl v\ ft v\~if f:t, 32 J ~ FM P I Mzylj 
Bt_-C, *''.J 700GB :/-.:c!J (22GBx32), *''.J 1,000aH~' 
O)mmO)~t_~~TQ::' ~ l:::ftQ. 
IIU 
(a) litt~@]~jJrliJn;I<:)j- (b) litt~j1HfjJrliJn;I<:)j-
~9 .~5~/'~O)litt~0) •• n;I<:)j- (*iID.~*1t) 0)~~~."/~~V~"/3/' (~~~:Ig1G~~~*~) 
(a) litt~@]'ijJrliJn;I<:)j- (b) litt~j1HfjJrliJn;I<:)j-
~ 1 0 .?J!IJ 5 ~ /' ~O)litt~O) •• n;I<:)j- (*iID.~*it) O)aH~'~. (FDTD r;t) 
- 195 -
6. *- c. N:J 
~~~~~~r~-A~~~~Mm~m~E~~ 
~~OO~~~~k_OO •• ~# •• ~~~~~m~m 
,;:: )IT ---j It Q A. < m: ~ ~ t:. fJHIll 1iU,,~ ~ lE rt; 1~ _ rlO~ •• ~ 
# •• ~ A. - ;7.. ~ 4 tX 5I; ail ~ •• ~ jli:1J7td;:: -'J v ' ~ , 
FDTD It ~ ~ ~ it !t ~ ~ ff '5 ~ ~ t ';::, ;7.. - /~ - ::z ~ 
e =>- - -7 ~ m v' -c . /~ ~ T ::z ~ -;t v '/ -l}- - 7 /v't- 7" /v 
~Mm~m~~~.m~ff0k. ~.~, Mm~~ 
tJJtJ 'F~~ ~~ ~ 1E:il.:i¥J ~fiffi ~1T 0 ~ v' < TIE 'C' lb Q . 
X iIr.t 
[1] E.K.Miller, A.1.Poggio, G.1.Burke, An Integro-
Differential Equation Technique for the Time 
Domain Analysis of Thin Wire Structures I.The 
Numerical Method, J. Comp. Phys., vo1.l2, pp. 
44-48,1973. 
[2] S.M.Rao, D.R.Wilton, Transient scattering by 
conducting surfaces of arbitrary shape, IEEE Trans 
Antennas Propag., AP-39 (1991), pp.56-61. 
[3] D.Poljak and E.K.Miller, C.Y.Tham, Time Domain 
Energy Measures for Thin-Wire Antennas and 
Scatterers, IEEE Antennas and Propag. Magazine, 
Vo!.44, No.l, pp.87 -95, February 2002. 
[4] H. Kawaguchi, Stable time domain boundary integral 
equation method for axisymetric coupled 
charge-electromagnetic field problems, IEEE Trans 
Magn., Vo1.38 (2 (Part 1)) (2002), pp.749-52. 
~A' 50cm 
50cm 50
ctn 
A' --~----- --------I:t:1~iJtl 
[5] K. Fujita, H. Kawaguchi, I. Zagorodnov and T. 
Weiland, Time Domain Wake Field Computation 
with Boundary Element Method, IEEE Trans. 
Nuclear Science, 53 [2] (2006), pp.431-439. 
[6] K.Maeda, H.Shibata, H.Kawaguchi and S.Itasaka, 
MPI Parallel Scheme of 3D Time Domain Boundary 
Element Method with CRS Matrix Compression, 
IEEE Tran. Magn., Vo1.50, Issue 2 (2014), 7013104. 
[7] H.Kawaguchi, S.Itasaka and T.Weiland, Initial Value 
Problem Formulation of 3D Time Domain Boundary 
Element Method, IEEE Tran. Magn. (2014), 7014604. 
[8] H.Kawaguchi and T.Weiland, Initial Value Problem 
Formulation of Time Domain Boundary Element 
Method for Electromagnetic Microwave Simulations, 
EABE,VoI.36 [6] (2012), pp.968-978. 
[9] K. Bane, T. Weiland, "Wake force computation in the 
time domain for long structures," Proc.12th Int. Conf. 
on High Energy Acce!., Chicago, IL, 1983, p.314. 
[10] I.Zagorodnov, R.Schuhmann and T. Weiland, "Long-
time numerical computation of electromagnetic fields 
in the vicinity of a relativistic source," 1. Comput. 
Phys., vo!. 191, pp. 525-541, 2003. 
[11] K.Fujita, H.Kawaguchi, R.Hampel, W.F.O.Miiller, 
T.Weiland and S.Tomioka, Time Domain Boundary 
Element Analysis of Wake Fields in Long 
Accelerator Structures, IEEE Trans. Nuclear Science, 
Vo!.55, No.5 (2008), pp.2584-2591. 
[12]H.Kawaguchi, S.Itasaka, T.Weiland, 4D Space-Time 
Domain Decomposition Simulation of Particle 
Accelerator Wake Field Based on 3D Time Domain 
BEM, IEEE Tran. Magn., Vol.51 [3] (2015), 7201604. 
C' 
~ 1 1 /~~T::z~-;tv,/-l}--7/v't-T/v (l::) ~.::c~-lj-/' •• ~jIi:IJ cn 
- 196-
